Abstract. Patients with spinal cord injur y or multiple sclerosis were surve y ed for the presence of extreme foot deformities and spasticit y . Pes cavus and claw toes were found in eight of 80 spastic spinal cord injury and two of 20 multiple sclerosis patients. Pes cavus and claw toes were not found in 2 9 flaccid spinal cord injury patients.
Introduction
PES CAVUS, also known as pes arcuatus or hollow foot, is characterised by an exag gerated, longitudinal arch with the apex at the navicular-cuneiform joint. A shortened plantar fascia complicates and reinforces the deformity. Claw toes are characterised by hyperextension at the metatarsal-phalangeal joints and flexion of the interphalangeal joints (Ingram, I97I) . Pes cavus and claw toes are different from pes equinus, a more common manifestation of spasticity which precedes those deformities.
Spasticity and foot deformities are associated with spinal cord injury and multiple sclerosis (Giannestras, I953; Ingram, I971) . It was our purpose to study the prevalence of the foot deformities pes cavus and claw toes found in spastic spinal cord injury and multiple sclerosis patients and to discuss the pathogenesis of these foot deformities with the help of electromyography.
Selection of Patients

Materials and Methods
Patients admitted to the Spinal Cord Injury and Rehabilitation Services at the West Roxbury Veterans Administration Hospital were selected at random and assessed for the presence or absence of spasticity, pes cavus, and claw toes.
Spasticity
The diagnosis of spasticity was made by the presence of resistance to passive range of motion, accentuated deep tendon reflexes, and the presence of a flexor reflex, quantitated by the level of excitatory skin areas (Rivera-Dominguez et al., 1979)·
Foot Deformity
The diagnosis of pes cavus was made by the observation of an exceptionally high arch; agreement in this observation between the primary investigator, M. R., and a second physician; and a negative history of high arch prior to spinal cord injury. The diagnosis of claw toes was based on hyperextension at the metatarsal phalangeal joints and hyperflexion of the interphangeal joints. Mobility of all foot joints was also assessed.
Electromyography
Electromyography was performed in patients with foot deformity by placing coaxial needle electrodes in the anterior tibial, posterior tibial, extensor hallucis longus, gastrocnemius, rectus femoris, and medial hamstring muscles and recording motor unit activities simultaneously through six amplifiers (Teca T41), triggering a 6-channel 5-I 34 recording oscillograph. 2 These recordings were carried out before and after skin stimulation. Activation of motoneurons was by temporal and spatial recruitment. None of the potential and amplitudes exceeded 3 mY. The stimulus consisted of 3-5 pin pricks per second, manually applied from the skin of the lower abdominal wall distally to the lower extremities. Ipsilateral flexion of the lower extremity and occasional contralateral contractions of flexors or extensors were observed.
Results
Prevalence of Foot Deformity
Eighty spinal cord injury patients aged 25 to 68 (mean 43) were surveyed. The duration of the spinal cord lesion was 2 months to 17 years. Fifty-one of these patients had upper motor neuron lesions and were spastic; all but one had mobile equinus foot deformity. Eight of these 51 patients had pes cavus or claw toes or both deformities in addition to equinus deformity. The levels of injury in these eight patients were cervical in two (one incomplete) and dorsal in six (one incom plete). Conversely, none of the 29 flaccid patients had pes cavus or claw toes deformity.
Twenty multiple sclerosis patients aged 33 to 48 years (mean 38) were also surveyed. The duration of the neurological deficit varied from 3 to 17 years. All patients were spastic and had equinus deformity. One of these patients also had pes cavus and another had claw toes and pes cavus.
Of these eight spinal cord injury and two multiple sclerosis patients with extreme foot deformities, five had pes cavus, one had claw toes, and four had both pes cavus and claw toes.
Extent of Excitatory Skin Areas and Foot Deformity
The extremes of foot deformity were found in the patients with more exten sive excitatory skin areas. All ten patients with pes cavus or claw toes had excita tory skin areas proximal to the knee but all spastic patients without these extremes of foot deformity had excitatory skin areas confined distal to the knee (Fig. I ).
FIG. I
Excitatory skin areas marked by Xs in 20-year-old patient RL with complete spastic para plegia Tc T 5 2 § months after injury. The stimulus was pin prick; the response ipsilateral withdrawal of the entire lower limb.
Medical Complications
Time and medical complications accentuated spasticity and pre-existing foot deformity (Figs 2 and 3 ).
Electromyographic Observations
Stimulation of excitatory skin areas produced spasms in specific muscles according to the frequency and duration of the stimulus (Fig. 4) . The order of ANT TIS.
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FIG. 4
Electromyography during stimulation of an excitatory skin area of patient RL 2! months after injury.
recruitment was the anterior tibialis, the hamstrings, the gastrocnemius, the posterior tibialis, the extensor hallucis longus, and the rectus femoris. This hierarchy of muscle recruitment was consistent in the ten patients studied with foot deformity. In any given patient this order did not vary for any of the skin zones sensitive to stimulation. When the stimulus was removed the evoked recruitment, whether maximal or minimal, persisted for 1-2 sec at the same level of discharge activity before diminishing as determined electromyographically. There was no rebound activity. Reactivation of spasms by stimulation of previously excited skin areas showed facilitation. Although eight of the ten foot deformity patients displayed a Babinski sign none showed a predominant electromyographic activity of the extensor hallucis longus at 'rest'.
Discussion
The extremes of foot deformity, pes cavus and claw toes have been described in spastic spinocerebellar atrophy (Plowright, 1928; Makin, 1958; Tyrer and Sutherland, 1961) , hereditary spastic paraplegia (Garland and Astley, 1950) , and myelomeningocele (Sharrard and Grosfield, 1968; Sharrard, 1973) . We have also 16/4 D found these foot deformities in patients with spastic spinal cord injury and multiple sclerosis. The prevalence of these foot deformities was 10 per cent for the patients surveyed.
The association of foot deformity with spasticity has been mentioned by Adams (1873), Collier (1 899), Saunders (1935) , Burman (1938) , Garland and Astley (1950) , Makin (1958) , Tyrer and Sutherland (1961) , and Guttmann (1970) . This association was found in this survey and was further confirmed by the asso ciation of the extreme foot deformity-pes cavus or claw toes-with extreme spasticity-the proximal migration of excitatory skin areas from which the flexor response can be elicited (Rivera-Dominguez et al.). In addition pes cavus and claw toes were not found in flaccid spinal cord injury patients.
The proposed mechanism for foot deformity in spastic conditions has been ascribed to muscle imbalance (Adams, 1873; Collier, 1899; Saunders, 1935; Burman, 1938; Garland and Astley, 1950; Makin, 1958; Tyrer and Sutherland, 1961 , Guttmann, 1970) . This theory has been confirmed by electromyography in this study. In spastic patients with spinal cord injury or multiple sclerosis rather dramatic quantitative differences in the induced activity of the muscles which have their insertions on the foot have been demonstrated electromyographically.
The specific muscles responsible for pes cavus and claw toe deformities have been studied clinically. Collier (1 899) attributed pes cavus to the predominant spasticity of the toe extensors, the posterior tibialis and peroneus longus. Knight's observation (1 956) in poliomyelitic patients suggested an imbalance between the peroneus longus and the anterior tibialis. The studies of Makin (1958) and Tyrer and Sutherland (1961) in spastic spinocerebellar atrophy suggested a predominance of the posterior tibialis as the cause of foot deformity. Previous electromyographic studies in spastic disorders consistently mention that the muscle with the lowest threshold to exteroceptive response is the anterior tibialis (Dimitrijevic and Nathan, 1968; Shahani and Young, 1971) .
Electromyographic evidence of spasticity in individual muscles in this study pointed to a predominance of the anterior tibialis. Because of the contribution of flexor and extensor digitorum longus to the development of claw toes deformity, studies of these muscles would be of interest. However, it is almost impossible to reliably place the needle electrodes in these muscles in patients unable to perform any specific muscle functions due to paralysis.
Pes cavus can be explained by the predominant activity of the anterior tibialis because of its insertion into the medial and plantar surface of the first cuneiform and the base of the first metatarsal. The pull of the anterior tibialis with its insertion at the apex of the arch of the foot in addition to the pull from muscles creating the equinus deformity appears to create pes cavus.
An additional factor in the development of pes cavus may be the reflex activity of the extensor hallucis longus. Dorsiflexion of the great toe by the extensor hallucis longus, as observed in the Babinski sign, approximates the head of the metatarsal toward the heel, thereby heightening the arch of the foot (Hicks, 1953) .
Conceptually, pes cavus and claw toes develop after the onset of extreme spasticity, as evidenced by the enlargement of excitatory skin areas and by electro myographic detection of a low excitatory threshold in muscles inserting on the foot, predominantly the anterior tibialis.
Practical aspects of the development of pes cavus and claw toes are the difficulty in fitting shoes and the susceptibility to pressure sores on bony promi nences, especially in feet deprived of sensation. The clinician who recognises the hazards of pes cavus or claw toes in a spastic patient has an opportunity to prevent complications by removing remote irritating foci, treating spasticity pharmaco logically, and fitting shoes appropriately. 
RESUME
